Introduction {#sec1}
============

In December 2019 in Wuhan, China a new respiratory syndrome (COVID-19) caused by the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) emerged[@bib1]. It has now progressed to a pandemic[@bib2] ^,^ [@bib3]. Health systems have been forced to re-assess the delivery of elective care in the context of this new reality[@bib4] ^,^ [@bib5].

The COVID-19 pandemic presents a challenge for medical conditions which are treated electively but pose a substantial risk to life when definitive treatment is delayed. The American College of Surgeons has released guidelines for the triage of surgical patients[@bib6]. These guidelines and those produced by the Society of Vascular Surgery recommend postponing repair of abdominal aortic aneurysms (AAA) \<6.5cm in size, and those \>6.5cm in size if possible[@bib6] ^,^ [@bib7]. These guidelines do not account for the age of the patient or local prevalence of COVID-19. COVID-19 related mortality and operative mortality are known to vary significantly with age[@bib1] ^,^ [@bib8].

To date no study has performed a structured analysis of the decision to postpone the management of abdominal aortic aneurysms (AAA). The conservation of personal protective equipment (PPE) and risk of exposing patients to COVID-19 in hospital must be balanced against the risk of aneurysm rupture. The objective of this study was to perform a decision analysis, using the most up to date metrics, for deciding when to delay AAA repair while mitigating patient risk.

Methods {#sec2}
=======

Model and assumptions {#sec2.1}
---------------------

A decision tree was constructed in order to model the choice between management strategies of immediate operative versus initial non-operative (delayed operative) repair of AAA ([Figure 1](#fig1){ref-type="fig"} ). Analysis was performed using Amua version 0.2.2[@bib9]. Survival and death were the final outcomes in the model, and the objective was to maximize the probability of patient survival. The model assumes all individuals to be acceptable candidates for open or endovascular AAA repair. Method of repair (EVAR versus OSR) is assumed to be based on patient characteristics and aneurysm morphology, as they would have been prior to the COVID-19 pandemic. Patients are assumed to be COVID negative at initial presentation and still at risk for contraction of the virus. This model focuses only on the time interval in which care may be delayed due to the pandemic.Figure 1Decision tree modelling the choice between immediate operative repair (operative) and delay of operative repair (non-operative) in the context of the COVID 19 pandemic. Operative repair is either endovascular or open surgical repair depending on the analysis. The overall framework of the tree remains unchanged, but input parameters are included based on the respective method of repair.

Baseline mortality was included in both decision arms based on life tables from the National Vital Statistics Reports 2016[@bib10]. In the immediate operative (OR) decision arm, patients are at risk of mortality during elective repair. The base model includes probabilities associated with EVAR, and in sensitivity analysis applies probabilities associated with OSR. EVAR was selected as the base model as \> 80% of elective aneurysm repairs in the US are performed endovascularly[@bib11]. Patients surviving operative repair are then considered at risk of in-hospital contraction of SARS-CoV2 and subsequent mortality.

In the non-operative arm patients were considered to be at risk for rupture. Those without rupture were susceptible to community acquired COVID-19 with subsequent mortality. Those who ruptured were first at risk of rupture related mortality (either out of hospital or operative mortality). Those surviving were again at risk of hospital contraction of SARS-CoV2 and subsequent mortality.

The model was developed with 3-month intervals (cycle length). Probabilities for contraction of COVID-19 and rupture were scaled appropriately based the total duration of repair deferral. Time horizons of 3 months, 6 months, and 9 months for deferral of operative care were considered.

Model Parameters {#sec2.2}
----------------

There is significant heterogeneity on geographical, racial and socioeconomic lines of an individual's risk of contracting COVID-19 in the community[@bib3] ^,^ [@bib8] ^,^ [@bib12]. Even within any particular group, there is uncertainty as to the true risk of infection, not least because of underreporting of COVID-19 cases[@bib3] ^,^ [@bib8]. Because of these factors a number of situations for the 3-month probability (i.e., 3-month cumulative incidence) of COVID-19 infection in a geographic area were considered. These included a risk of contraction from 0.01% to 30% over the initial 3-month interval (which is then scaled based on the time horizon). Contraction of COVID-19 is believed to be greater in those admitted to hospital with a reported incidence two times greater than in the community[@bib13]. The probability of COVID-19 contraction for those admitted to hospital is therefore increased by a factor of two. Following infection, individuals are considered to no longer be at risk of virus contraction.

Model parameters are presented in [Table I](#tbl1){ref-type="table"} . The model includes reported age stratified infection fatality rates for COVID-19, based on infection fatality rates adjusted for under-ascertainment due to the prevalence of asymptomatic cases[@bib8]. Probability of rupture was based on previously reported data in those treated non-operatively with AAA[@bib14]. Operative mortality following elective repair was based on population level data, on mortality in elective endovascular aortic repair (EVAR)[@bib15]. The majority (approaching 80%) of elective AAA repairs are performed endovascularly in the United States[@bib11]. A subsequent analysis was performed separately for open repair with corresponding operative mortality[@bib15]. Death secondary to rupture was based on population level data and included pre-hospital and intra-operative mortality[@bib16]. Case fatality rates were only available in dichotomous format (less than or greater than 75 years old). The lower threshold (\<75yrs :61% mortality) was utilized for those under 65, the overall mortality (74%) for those 65 to 79 years old, and the upper threshold (\>75yrs:82% mortality) for those eighty and over.Table IParameters Used in Model Construction for Deterministic Analysis.Aneurysm Size[@bib13]Yearly Risk of Rupture5.5-5.99.4%/yr6-6.910.2%/yr\>732.5%/yr**Age Related Mortality COVID**[@bib8]**AgeMortality**50-590.595%60-691.93%70-794.28%\>807.8%**Age Related Mortality Rupture**[@bib16]**AgeMortality**50-6461%65-8074%80+82%**Age Related Elective Operative Mortality (EVAR)**[@bib14]**AgeMortality**50-640.3%65-740.8%75-791%80-841.25%\>801.5%**Age Related Elective Operative Mortality (OSR)**[@bib14]50-641.2%65-742.5%75-805.6%80-947.6%\>809.5%**Considered community risk of COVID-19 infection**[@bib8]Probability a patient will contract COVID-19 over the initial 3-month interval\*0.01%1%10%30%[^1][^2]

Initially a deterministic analysis was conducted to allow for a broad summary of unique patient characteristics and the 3-month probability of infection with COVID-19. A probabilistic sensitivity analysis (PSA) at three representative ages, 60, 70, and 80 years of age, was then performed. A probabilistic sensitivity analysis samples values for the input parameters (example: probability of mortality) from a distribution which reflects the uncertainty of the reported data ([Table II](#tbl2){ref-type="table"} ). Distributions were estimated based on variability of central tendency and dispersion reported in the literature[@bib8] ^,^ [@bib14], [@bib15], [@bib16], [@bib17], [@bib18]. The model was run with 1000 iterations for each of the three PSAs, at each probability of COVID-19 infection considered. Mean probability of survival and 95% credibility intervals for each scenario were calculated. Statistical analyses were conducted using Amua version 0.2.2^9^ and Microsoft Excel for Mac Version 16.15 (2018).Table IIParameters used for probabilistic sensitivity analysis (PSA). PSA samples from within a given distribution of parameters and is repeated for numerous iterations (n=1000). The type of distribution used, and the parameters used to define the shape, are provided.AgeParameterDistributionValues60COVID mortality[@bib8]NormalMean: 0.0193\
SD: 0.00695Rupture mortality[@bib16]Betaa: 34 b:56Elective Mortality EVAR[@bib14]NormalMean 0.003\
SD: 0.001Elective Mortality OSR[@bib14]NormalMean: 0.012\
SD: 0.0170COVID mortality[@bib8]NormalMean: 0.0428\
SD: 0.0150Rupture mortality[@bib16]Betaa: 104 b:141Elective Mortality EVAR[@bib14]NormalMean: 0.008\
SD: 0.0015Elective Mortality OSR[@bib14]NormalMean: 0.025\
SD: 0.01580COVID mortality[@bib8]NormalMean: 0.078\
SD: 0.0238Rupture mortality[@bib16]Betaa: 70 b: 85Elective Mortality EVAR[@bib14]NormalMean: 0.0125\
SD: 0.01Elective Mortality OSR[@bib14]NormalMean: 0.0755\
SD: 0.02**Aneurysm rupture risk**SizeParameterDistributionValues5.5-5.9cmRupture Risk[@bib13]^,^[@bib17]TriangularCenter:0.094\
Lower Bound:0.01\
Upper Bound:0.116-6.9cmRupture Risk[@bib13]^,^[@bib17]TriangularCenter:0.102\
Lower Bound:0.10\
Upper Bound:0.22\>7cmRupture Risk[@bib13]^,^[@bib17]TriangularCenter:0.325\
Lower Bound:0.30\
Upper Bound:0.50**Ratio of in-patient to out-pt COVID contraction**ParameterDistributionValuesRatio inpatient : outpatient contraction[@bib12]NormalMean: 2\
SD: 1[^3]

Results {#sec3}
=======

This study demonstrates the optimal decision for deferral of operative repair of AAA varies with patient age and aneurysm size when attempting to minimize mortality. In-line with current guidelines, aneurysms over 7cm benefit from timely operative repair ([Figure 2](#fig2){ref-type="fig"} , [Figure 3](#fig3){ref-type="fig"} ). In low-resource utilization scenarios and low 3-month probability of COVID-19 infection (0.1-1%), delay of aneurysm repair comes with an elevated risk of patient mortality. As the probability of infection increases (10-30%) small aneurysms (5.5-6.9cm) should be delayed in older individuals ([Figure 1](#fig1){ref-type="fig"}). In those under the age of 70 years, even patients with small aneurysms have a greater probability of survival if aneurysm repair is not delayed. This is in contrast to when open surgical repair is required ([Figure 3](#fig3){ref-type="fig"}). With OSR there is a general shift towards the non-operative strategy initially. In this case, for patients with aneurysms \<7cm a non-operative strategy maximized the probability of survival in those over 60-75 years of age, dependant on probability of COVID-19 infection, and duration of delay. Those with \>7cm aneurysms still benefit from early surgical repair, except for those who are over 85 years old.Figure 2Comparison between an immediate and initial non-operative (delayed) strategy involving endovascular abdominal aortic aneurysm repair (EVAR) at different community COVID-19 3-month infection probabilities. The colour gives the dominant strategy considering a delay of repair of 3 months. Dominant strategy is additionally shown for alternate time horizons (time of delay) of 6 and 9 months. Red: Operative strategy dominant Blue: Non-operative strategy dominant. X- Changes to operative strategy at 6 months of deferral. O- Changes to operative strategy at 9 months of deferralFigure 3Comparison between an immediate and initial non-operative (delayed) strategy involving open abdominal aortic aneurysm repair (OSR) at different community COVID-19 3-month infection probabilities. The colour gives the dominant strategy considering a delay of repair of 3 months. Dominant strategy is additionally shown for alternate time horizons (time of delay) of 6 and 9 months. Red: Operative strategy dominant Blue: Non-operative strategy dominant X- Changes to operative strategy at 6 months of deferral. O- Changes to operative strategy at 9 months of deferral

The PSA demonstrates that within each set of scenarios (age, aneurysm size, probability of infection), the magnitude in the difference in probability of survival differs ([Figure 4](#fig4){ref-type="fig"} ). [Figure 4](#fig4){ref-type="fig"} gives the density plot for the probability of survival with either immediate EVAR or a delayed strategy over a thousand iterations for each scenario. Perfect survival lies on the right end of the x axis. The mean and 95% credibility interval for each curve is given at the bottom, along with the mean difference in probability of survival. With large aneurysms (\>7cm) there is minimal overlap between the density plots for survival. Survival benefit with an immediate operative strategy ranges from 5.8%-7.7% in 7cm AAA depending on probability of infection with COVID-19, and patient age. As the probability of infection increases, the magnitude of difference between strategies decreases, illustrated by an increased overlap of the two density curves. In 60 and 70 year old patients there is still a 1.5-1.9% increased probability of survival if repair is not delayed for 6-6.9cm aneurysms. While immediate repair still offers a benefit, this is reduced in aneurysms between 5.5 and 5.9cm.Figure 4Probabilistic sensitivity analysis for endovascular aortic aneurysm repair (EVAR) assuming different community COVID-19 3-month probability of infection, patient age and aneurysm size. The density distribution for probability of survival demonstrates the uncertainty around this outcome, and is shown in each case for the operative (OR - red) and non-operative (delayed repair) strategy (Non-OR- blue). The far-right of the x axis is 100% survival probability. The mean of each distribution is given below each plot, with 95% credibility interval in parentheses. The mean absolute differences in probability of survival for the two strategies (Dif) are given, with 95% credibility intervals in parentheses. This difference is bolded when the operative strategy is dominant, and italicized when the non-operative approach is dominant.

A similar PSA analysis was performed with a 6-month delay for EVAR ([Table III](#tbl3){ref-type="table"} ). There is an increased risk of harm with increased time of delay for elective repair. Those with 6-6.9cm aneurysms face a 2.4-4.5% increased risk of mortality with delay depending on local prevalence of COVID-19 and patient age. While the risk is still lower for those with 5.5-5.9cm aneurysms, there can be as high as a 1.9% increased risk of mortality in younger patients, when COVID-19 prevalence is low.Table IIIProbabilistic sensitivity analyses for EVAR considering a 6-month time horizon (top) and open surgical repair with a 3-month time horizon (bottom). The mean absolute difference in probability of survival between the operative and delayed repair strategies is given with 95% credibility intervals. Boxes are shaded and italicized when delayed repair was the dominant strategy.Endovascular Repair (6 months)Aneurysm SizeAgeCommunity\
Risk of COVID-19 Infection5.5-5.96-6.9\>7601%0.019 (0.018-0.019)0.040 (0.040-0.041)0.121 (0.119-0.122)10%0.016 (0.015-0.016)0.038 (0.037-0.039)0.119 (0.118-0.121)30%0.014 (0.014-0.015)0.036 (0.035-0.036)0.117 (0.116-0.119)701%0.017 (0.017-0.017)0.045 (0.044-0.046)0.014 (0.014-0.015)10%0.013 (0.011-0.013)0.038 (0.037-0.039)0.137 (0.136-0.139)30%0.008 (0.007-0.009)0.034 (0.033-0.035)0.133 (0.131-0.134)801%0.015 (0.014-0.015)0.044 (0.043-0.045)0.152 (0.151-0.154)10%0.002 (0.001-0.003)0.032 (0.030-0.033)0.140 (0.138-0.142)30%0.003 (0.005-0.002)0.024 (0.023-0.026)0.130 (0.128-0.132)Open Surgical Repair (3 months)Aneurysm SizeAgeCommunity\
Risk of COVID-19 Infection5.5-5.96-6.9\>7601%0.003 (0.002-0.004)0.009 (0.008-0.009)0.053 (0.052-0.054)10%0.005 (0.004-0.005)0.007 (0.006-0.007)0.051 (0.050-0.052)30%0.009 (0.008-0.009)0.003 (0.002-0.004)0.048 (0.047-0.049)701%0.012 (0.011-0.013)\<Difference 0.0010.055 (0.054-0.056)10%0.017 (0.018-0.016)0.003 (0.002-0.004)0.051 (0.050-0.052)30%0.024 (0.023-0.026)0.011 (0.010-0.012)0.044 (0.042-0.045)801%0.060 (0.059-0.062)0.044 (0.043-0.046)0.014 (0.012-0.015)10%0.066 (0.065-0.067)0.051 (0.049-0.052)0.009 (0.007-0.11)30%0.079 (0.078-0.081)0.064 (0.062-0.066)0.003 (0.001-0.005)

The results for open surgical repair in the PSA are consistent with the deterministic analysis. There is an overall shift towards the non-operative (delay of OR) strategy, compared to the results for EVAR. In those with small aneurysms and the elderly, there can be a significant risk of harm if operative repair is not delayed. This was especially pronounced in those 80 years of age or older. Only those with aneurysms \>7cm and under 80 years of age demonstrated a relevant improvement in probability of survival with open surgical repair, when the probability of infection with COVID-19 was 1% or greater in a 3-month time horizon.

Discussion {#sec4}
==========

This decision analysis demonstrates that the potential to cause harm by postponing AAA repair is affected both by the age of the patient and local prevalence of COVID-19. This is in contrast to current guidelines which focus primarily on aneurysm size only. This study acts as a framework to aid physicians and hospital planning committees in policy regarding elective aneurysm surgery. While no model will perfectly capture real world events, we believe this analysis provides insight into how practitioners should approach this difficult dilemma.

The major trade-off in the analysis is the risk of aneurysm rupture relative to the risk of contracting the virus in hospital. COVID-19 related mortality is known to be substantially higher in the elderly. Infection fatality rates for patients less than 60 years of age are believed to be \<0.6%, while for those 80 years and older are estimated to be greater than 7%[@bib8]. The baseline COVID-19 mortality risk of a patient should be an important factor physicians consider when deciding to delay elective surgery. Contraction of COVID-19 is greater in hospital than in the community and elderly patients admitted for surgery therefore take on greater risk with elective repair[@bib13]. Peri-operative risk is also greater for elderly patients. As the incremental net survival benefit of elective AAA surgery decreases, delaying surgery has a lower risk of harm. The model does not include baseline medical comorbidities however these would impact outcomes in a similar manner. Patients who are more comorbid will also face greater COVID-19 mortality and peri-operative risk, therefore delaying surgery in this population is more likely to prevent harm[@bib1] ^,^ [@bib15]. Practitioners can be guided by the VQI perioperative mortality risk score, per the SVS guidelines, on the care of patient with abdominal aortic aneurysm, which should be used in conjuncture with these findings[@bib11].

In contrast, the model demonstrates that delaying elective surgery in young patients, especially with larger aneurysms, is likely to lead to increased risk of death. A 60 year old patient with even a relatively small (5.5-5.9cm) aneurysm may suffer harm from delay of elective surgery (0.8% increased risk of death at 3 months, 1.9% at 6 months). This is especially true if repair is postponed for a prolonged period. Younger patients have a lower COVID-19 infection fatality rate than elderly patients, and they have a low peri-operative risk. Elective repairs of small and asymptomatic aneurysms have already been suspended frequently due to the pandemic and therefore it is important to understand this risk[@bib4]. As long as hospital infrastructure and hospital resources are adequate consideration should be made to repair aneurysms in young individuals.

An important consideration is that the model focuses on patient specific outcomes. It is not inclusive of hospital resources and use of personal protective equipment. A widely used decision analytic approach is cost-effectiveness analysis, which typically compares cost per quality adjusted life year (QALY) gained to a willingness to pay threshold. In the context of the pandemic, however, conservation of PPE and ICU beds is the foremost concern. Given the rapidity of the pandemic's onset, there has not yet been an effort to explicitly trade-off health gains against resource use in the COVID-19 setting. Based on these results, however, this trade-off can be contextualized.

As resources become more constrained, a greater risk to patient survival may be tolerated. For example, at a 30% probability of COVID-19 infection in a three month interval, a 1.4% elevated chance of patient mortality, caused by deferring OR by 3 months, may be tolerated (60-year-old with a 6.5 cm AAA). At 10% probability of infection, when resources are less constrained this patient may be operated on electively (increased probability of survival 1.8%). These decisions will depend on the resource constraints of each hospital and health system. We therefore do not propose concrete cut-offs as the choice will vary based on each unique situation. In the case of elective EVAR, ICU utilization can be as low as 1%, and procedures can be performed with minimal loss of mask and gowns[@bib19]. We estimate 7 sets of PPE (mask, gown, gloves) would be used for a case. In many instances we believe this "expenditure" would be justified to reduce a patient's probability of mortality by 0.5% (which is close to the mortality faced by a person in their 50s or 60s who has contracted COVID).

Exposure of healthcare providers to COVID-19 is not considered in the model, however, this should be considered depending on regional circumstances. In scenarios where resource constraints do not allow for adequate protection of healthcare providers, operative repair should be delayed. Workers over 50 years in age who contract COVID face a 0.5% chance or greater of mortality, which is greater than the net survival benefit in a 3-month time horizon for aneurysms under 7 cm. Treatment of AAA requires the involvement and possible exposure of many healthcare providers.

As operative risk increases, such as with open instead of endovascular repair, there is less risk associated with postponing repair. This is especially true in the elderly. As operative risk increases, patients must survive for a longer period of time to offset peri-operative mortality risk. Mortality benefit of open vs endovascular repair favors EVAR in the immediate post-operative period, but is equivalent at 1-2 years post-operatively.[@bib18] ^,^ [@bib20] During a COVID-19 outbreak, the elderly will have a greater risk of overall mortality than they would in pre-COVID times. If resource constraints require operative repair to be delayed, providers should first delay elderly patients who require open repair, as they are the least likely to suffer harm. Open repair is additionally more resource intensive with greater utilization of the ICU[@bib18] ^,^ [@bib21], [@bib22], [@bib23]. The use of the ICU and increased length of the case generally would require greater use of hospital resources[@bib18] ^,^ [@bib19] ^,^ [@bib21], [@bib22], [@bib23].

In the model one limitation is that the probability of in-patient contraction of COVID-19 is dependent only on admission to hospital. It does not account for the possibility of increased risk of virus contraction with increased length of stay. As OSR requires a longer length of stay than EVAR, the model likely underestimates the benefit of EVAR relative to OSR.

In the context of the COVID-19 pandemic these results suggest endovascular repair should be considered as the preferred option in anatomically suitable patients. We would recommend that in times of high COVID-19 prevalence only young patients, or those with a contra-indication to endovascular repair (no neck or connective tissue disorders), should be treated with open repair. Elderly patients who are not amenable to endovascular repair should be deferred until COVID-19 infection risk decreases, and resource constraints are alleviated. The PSA on OSR demonstrated that elderly patients can face a substantially elevated risk of mortality (1.7%-7.9%) if repair is not delayed when COVID-19 prevalence is high.

There are limitations to the model. As discussed, it fails to capture all societal consequences of elective repair including overall resource utilization. There continues to be uncertainty in the parameters used in the analysis. The impact of this is minimized by including probabilistic sensitivity analyses which sample from a distribution representing the uncertainty in the underlying metrics. This model does not aim to replace clinical decision making but instead provides a framework to aid practitioners and policy makers who will need to individualize this information for a more complex individual decision. Patient preference, aneurysm anatomic complexity, and unique hospital situations may all effect the final decision. On a patient specific level, risk of rupture will vary with history of smoking, comorbidities and aneurysm morphology[@bib11]. Providers should consider the points above as well as how robust the results of this analysis were for a given patient profile (demonstrated in the PSA) when interpreting this data.

This model does not consider patients who are presenting to care with COVID-19. In the case of asymptomatic aneurysm, delay of repair until the patient is clinically improved is advisable. In the case of ruptured or symptomatic aneurysms, decisions will depend on a case by case basis. The patient's age specific risk of mortality due to COVID-19, irrespective of surgical outcome, should be considered prior to undertaking heroic surgical measures.

The COVID-19 pandemic is constantly evolving and the length of time these recommendations are applicable to practice is hard to predict. In the absence of an active outbreak health care providers will have to evaluate their available resources including inpatient bed space relative to the risk of an outbreak. This will depend both on that geographic region's history of COVID-19 infection, local public health precautions, and country or world-wide prevalence. These findings should be utilized in conjuncture with the SVS guidelines on the management of AAA[@bib11]. In the absence of new COVID-19 cases and a low likelihood of COVID-19 outbreak, practitioners should fully resume their normal practice.

Conclusions {#sec5}
===========

The decision to delay operative repair of abdominal aortic aneurysm should consider patient age, aneurysm size and the probability of COVID-19 infection, which can be informed by local incidence of COVID-19 infection. Deferral should be considered in cases where open repair is required or when patients are elderly with small aneurysms. Those most likely to benefit from immediate repair are young patients due to a low risk of both COVID-19 and peri-operative mortality. The risk of harm caused by delay of repair varies with patient age, aneurysm size, and COVID-19 prevalence. This must be weighed against available hospital resources when making individual or system-wide decisions.

This article has been submitted for consideration as a late breaking abstract to SVS ONLINE 2020 and the 2020 CSVS meeting.

Article Highlights:

**Type of Research:** Decision analysis.

**Key Findings:** Patients who are young with large aneurysms can face a clinically relevant increased risk of mortality with delay of operative repair (1.5-7.7%). As patients become older, COVID-19 prevalence increases, or open surgical repair is required, then a delay of operative repair becomes the dominant strategy.

**Take Home Message:** The decision to delay repair of abdominal aortic aneurysms during the COVID-19 pandemic should consider patient age, method of repair and local prevalence in addition to aneurysm size.

Table of contents summary

This decision analysis considers risk of aneurysm rupture against the risk of peri-operative mortality and in-hospital contraction of COVID-19. Patient age, COVID-19 prevalence, operative risk and aneurysm size all have an important impact on which strategy optimizes patient survival.
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[^1]: Abbreviations: EVAR, endovascular aortic aneurysm repair, OSR; Open surgical repair

[^2]: \*For intervals over 3 months, probabilities are scaled to reflect a proportion of the population is no longer at risk.

[^3]: Abbreviations: EVAR, endovascular aortic aneurysm repair; OSR, open surgical repair.
